Abstract. Recent BABAR results on several topics are presented. We report the observation of T-violation as well as recent results on CP-violation in B decays in a dataset collected at the Y(4S) resonance. We also present searches for low mass CP-odd Higgs bosons, predicted in non-minimal SUSY models, as well as searches for dark-sector gauge bosons motivated by astrophysical observations, using radiative decays of the Y(1S,2S,3S) resonances and other e + e − processes. These searches enable stringent limits to be set on the parameters of such particles.
Introduction
BABAR [1] is a detector optimized for CP Violation (CPV) studies of the B system produced in e + e − by the boosted Υ(4S ) resonance. The data taking at the SLAC PEP-II asymmetric collider started in 2000 and ended in April 2008; a great number of events on the Y resonances was recorded, and many analyses are still going on, producing refinements of previous work or completely new results. The spectrum of BABAR Physics is very wide, having to pick a few topics for this Conference, I chose the measurement of T violation in B 0 decays, which was made possible following an original idea, and some searches for hypothetical particles suggested in many model beyond the Standard Model, as light Higgs or dark matter particles.
CP and Time Reversal Violation

Data Sample
The CP Violazion (CPV) and the Time Reversal Violation (TRV) analysis make use of the full dataset recorded by the BABAR detector at the PEP-II machine at SLAC . This sample consists of 426 fb 
Time Reversal Violation: the experimental problem
I will start by recalling what testing the basic symmetries in a process means: application of CP changes all particles to their antiparticles: CP violation implies i → f ī →f ; the effect of T is the exchange of final and initial states :TRV implies i → f f → i (with time inversion ). The Standard Model is a local gauge theory and this requires, on very solid grounds, CPT invariance. Experimentally it has been proven that CP is violated in neutral Kaon and B systems, so we have indirect proof of T violation. The question is: can we prove T violation without assuming CPT invariance? CPLEAR [3] claims to have proven T violation in K 0 mixing, but this is controversial because in the mixing the effect of CP and T is the same, a part the time inversion, which is tricky. In the last decade BABAR (and Belle) have measured many effects of CP violation, in the direct decay and in the interference between mixing and decay of B 0 s: the problem is that to prove T violation we should be able to invert one of these decays, and this is not experimentally feasible!
The Time reversal measurement: the solution
Before offering the solution to the problem, I will recall how CP is measured by BABAR and Belle, based on the so called quantum entanglement in the Υ(4S ) decay to a pair of neutral B mesons. The Υ(4S ) has the same quantum numbers of the photon, and the two B 0 must oscillate in a coherent way until one of them decays. At that instant, that we call t tag , the other B must the in the opposite flavor state. As a consequence, the decay of one B to a flavor definite final state fixes the flavor of the other B at time t tag ; the second B will then decay after a time t; if completely reconstructed into a CP eigenstate, we will call it B rec , decaying at time t rec with t = t rec − t tag . We measure the distance between the 2 decay vertices, approximated by the difference of the z coordinates, and from that we deduce the time difference t. The clock starts with the decay of the flavor tag B tag , so the time t is positive if B rec decays after B tag , negative when B rec is the first to decay. The most precise measurements have been made in the golden channel B → J/ψ K 0 S , the CP asymmetry has also been measured in B → J/ψ K 0 L . The method to independently measure TRV was first suggested in [4] and then applied specifically [5] to the BABAR case; it is basically the observation that the EPR applies to any pair of orthogonal states, not just flavor pairs. If we can consider a B 0 CP odd and B 0 CP even pair |in of the two B mesons produced in the Υ(4S ) decay, the state can be written as:
Here B 0 and B 0 indicate the usual flavor states, B + and B − are orthogonal B states with definite CP, and t 1 and t 2 are the decay times of these states. The first line of eqn. 1 as been used at the B factories for CPV studies; the second line introduces "CP tagging": observation at time t 1 of a final state with positive CP implies that at that time the other B was in a CP = −1 state. B flavor tagging has been implemented by BABAR and Belle using sophisticated analysis techniques and several categories of decay modes; in the following we will use the simple notations B 0 ⇔ + , B 0 ⇔ − to indicate the B flavor from the sign of the decay lepton of the other B.
Using a combination of flavor and CP tagging it's possible to build T reversed events. In B meson decays to ccs such as B → J/ψ K 0 , the final state Any difference between the reference and the T -reversed rates would be an evidence of Tsymmetry violation.
The eight transitions of Table 1 have a time-dependent decay rate given by:
where indices α = + , − and β = K 
The BABAR Measurement
The afore mentioned method has been applied by BABAR [6] to measure TRV, making use of same events selected in the previous sin2β measurements in B meson decays to cc [2] .
The composition of the final sample is obtained from fits to the distributions of m ES for ccK 
ICNFP 2013 00108-p.3 The signal probability density function (PDF) is given by [5] :
Here Δt is the signed proper time difference between the two B decays, determined from the B meson vertex separation projected along the collision axis; Δt true is the same variable in the limit of perfect reconstruction; δt ≡ Δt−Δt true , and H the Heaviside step function, needed to separate events with Δt > 0 and Δt < 0. Vertex resolution effects are accounted for by convolving with the resolution function R(δt; σ Δt ). A non-zero probability of assigning the wrong flavor tag, ω, reduces the sensitivity to the (C ± α,β , S ± α,β ) parameters by a factor (1 − 2ω) (not shown in Eq. 2). A total of 27 parameters are varied in the likelihood fit: eight pairs of (C ± α,β , S ± α,β ) coefficients for the signal, and 11 parameters describing possible CP and T violation in the background.
Results
From the 16 signal coefficients (C Table 2 . T -symmetry breaking would directly manifests itself through any nonzero value of ΔS ± T or ΔC ± T , and analogously for CP-or CPT -symmetry breaking.
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The measured values [6] for the asymmetry parameters are reported in Table 2 ; the first error is the fit statistical uncertainty.
0.04 ± 0.14 ± 0.08
0.08 ± 0.10 ± 0.04
0.03 ± 0.12 ± 0.08 Table 2 . Measured values of the T -, CP-, and CPT -asymmetry parameters, defined as the differences in S A number of consistency checks were performed to validate the result: repeating the analysis as in the standard CP analysis we obtain the same values and uncertainties as those in [2] for the single pair of (C, S ) parameters from the fit; replacing the ccK 
and similarly for the other three T -violating asymmetries. Figure 2 shows the four asymmetries overlaid with the projection of the best fit results to the Δt distributions in the nominal fit (solid red line)
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and when the eight T -invariance constrains:
are imposed (dashed blue line). The latter is clearly non compatible with the experimental points. A graphical representation of the T -violation result is shown by the two-dimensional confidence level contours in the (ΔC Fig. 3 , in which the fit parameters are varied by their statistical and systematic uncertainties.
t (ps) Δ
We evaluate the significance of the T -violation signal based on the change in log-likelihood (−2Δ ln L = −2(ln L noT RV − ln L)) between the nominal fit and the one where, imposing the constrains of Eqn. 6, TRV is not allowed. In this procedure the statistical and systematic uncertainties are combined, and we find −2Δ ln L = 226 with 8 degrees of freedom. Assuming Gaussian errors, this corresponds to a significance equivalent to 14 standard deviations (σ), and thus constitutes direct observation ot T violation. We carry out the same procedure for the (ΔC initial and final states in transitions that can only be connected by a T -symmetry transformation. This result is independent from assumptions on the CPT symmetry.
Searches for a light CP-odd Higgs
Practically all theoretical models for Physics beyond the SM include a number of additional Higgs bosons; the most popular, the MSSM, introduces 5 more Higgs, one of which, called the A, is CP odd. The next extension, the NMSSM introduces more Higgs, including a CP odd singlet. This singlet would mix with the MSSM A to give the A 0 . It has been shown that this model is allowed by the LEP limits if the A 0 is light, with a mass less than twice the mass of the b quark. If this is the case, it could be produced in the radiative decays of the Y(nS) states and be seen by BABAR, provided that the branching ratios are large enough. The Higgs boson decay pattern depends on its mass and couplings, as well as the NMSSM particle spectrum. In the absence of a light neutralino, the A 0 decays predominantly into a pair of muons below 2m μ , while τ + τ − and hadronic final states become significant above this threshold. There is enough parameter space that BABAR could cover, to make a search worthwhile, and BABAR has performed searches for a light CP-odd Higgs boson in a variety of decay channels.
In the last months of running BABAR has collected large amounts of data at the Υ(2S ) and Υ(3S ) resonances: 99 × 10 6 Υ(2S ) events and 122 × 10 6 Υ(3S ) . A clean sample of Υ(1S ) mesons is obtained by reconstructing the transitions Υ(3S ) → π + π − Υ(1S ) . The signal topology consists of two oppositely-charged tracks originating from the interaction point and having missing mass equal to the Υ(1S ). With this method we have collected a very clean sample of about 20 million Υ(1S ). practically with no background from e + e − continuum. Using these data BABAR has performed searches for a light CP-odd Higgs boson in a variety of decay channels. These measurements are discussed in the next paragraphs, and the results are summarized in Table 3 .
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Search for Υ(1S
To search for the A 0 decay into muon pairs we select events in the Υ(2S ) and Υ(3S ) data; we require only one photon and 4 charged tracks, two of which must be pions recoiling against a Υ(1S ), and at least one of the others must be identified as a muon. We require the kinematics to be compatible with this decay chain, and all tracks to originate from the interaction point. The signal would be a narrow peak in the dimuon invariant mass, whose resolution is better than 10MeV.
The Υ(2, 3S ) candidates are then fit, constraining their CM energies to the total beam energy, and imposing a common vertex for the tracks. A series of unbinned likelihood fits to the dimuon mass distribution is performed to extract the signal. No evidence of A 0 is observed; 90% confidence level (CL) limits on the branching fractions are established at the level of (0.26 − 8. 
In principle the analysis is the same as for muon pairs, but is more complicated because of the presence of neutrinos. We require each τ to decay in one charged track, and at least one of the twos into a lepton; we feed all the information in the event to a neural network to select the candidate events. We have to separate the sample on two parts, for lower and higher of A 0 mass because the background to the photon is quite different, and we look for peaks in the missing mass against the two pions and the photon. A set of eight kinematic and angular variables are used to further suppress the background, which arises mainly from radiative τ production and two-photon processes. The signal yield is extracted as a function of m A 0 by a simultaneous fit to the photon energy distribution of the eeγ, μμγ and eμγ samples. We test about 200 mass hypotheses, the largest fluctuations we find has a significance EPJ Web of Conferences 00108-p.8 of 3σ ; from pseud0-experiments we find that the probability to have a fluctuation of more than 3σ is 7.5%, so again we conclude that the search is negative. Since no excess is seen, 90% CL limits on the branching fraction are set at the level of (1.5 − 16) × 10 −5 in the interval 4.03 < m A 0 < 10.1 GeV [10] , as shown in the right side of Figure 3 .1.
Search for
The hadronic final states are selected from fully reconstructed the A 0 → hadrons decays. The highest energy photon of the event is identified as the radiative photon from the Υ(nS ) decay; the A 0 candidate is then constructed by adding the four-momenta of the remaining particles, constraining the A 0 decays products to originate from the interaction point to improve the resolution. The signal yield is obtained by fitting the candidate mass spectrum in the range 0.3 − 7.0 GeV in steps of 1 MeV. The results are compatible with the null hypothesis; limits on the branching fraction are therefore set in the range (0.1 − 8) × 10 −5 with 90% confidence level [11] .
Search for Υ(1S
Searches have also been performed by BABAR on A 0 decaying into invisible, i.e. with nothing seen in the detector. In the search for [12] . These limits are displayed in Figure 5 as a function of the A 0 and χ 0 masses. A search for Υ(3S ) → γA 0 , A 0 → invisible was also performed selecting events containing a single energetic photon with no additional activity in the detector. The background arises mainly
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Mode
Mass range ( GeV) BF upper limit (90% CL) from e + e − → γγ, radiative Bhabha, and two-photon fusion events. The A 0 yield is extracted by a series of unbinned likelihood fits to the photon energy distribution for 0 < m A 0 < 7.8 GeV. No excess is seen, and limits on the branching fraction at the level of (0.7 − 31) × 10 −6 are derived with 90% confidence level [13] .
Search for Υ(1S
Selected events with final states consisting of three or more light adrons, in addition to the two pions from the Υ(2S ) decay, and the radiative photon. A total of 26 final states composed of light hadrons were studied, including some containing at least a kaon pair, which were assigned to the A 0 → ss decay. The main background is due to Υ(1S ) decay to ggg, where one of the π 0 of the hadronization decays to photons, one of which is mistaken for the radiative one. The A 0 mass range explored is 0.5 to 9 GeV. We observe no signals [14] in the hadronic invariant mass spectra, and set upper limits at 90% CL limits on the product branching for Υ(1S ) → γA 0 , A 0 → gg from 10 −6 to 10
; for the branghing ratio Υ(1S ) → γA 0 , A 0 → ss the corresponding limits are from 10 −5 to 10 −3 We do not observe a NMSSM A 0 or any narrow hadronic resonance.
Search for light dark matter
We have now overwhelming astrophysical evidence for dark matter with several possibly related anomalies observed. There is more than one explanation, of course, and most models introduce a new dark force mediated by a new gauge boson with a mass around a GeV. Dark matter particles are expected at the TeV scale, but the lightest particles in which they would annihilate could be pairs of light dark bosons, which subsequently could only decay into lepton pairs, or scatter. This light hidden sector is poorly constrained, and it is worth exploring the possibility that these particles are produced at accelerators. B-factories offer a low background environment , so signatures of dark particles at the MeV/GeV scale, should not escape detection, and a discovery would allow to probe their structure. The 2 sectors could interact via kinematical mixing, and the value of the mixing parameter would be the key to a possible detection. The dark photon, the equivalent of the e.m. photon, could have a mass of the order from MeV to GeV, and would couple to the SM fermions with a charge . The preferred value for is from 10 −5 to 10 −3 and several experiments have already put limits. The hidden boson masses are usually generated via the Higgs mechanism, adding hidden Higgs bosons (h ) to the theory. are derived, an order of magnitude smaller than the current experimental bounds extracted from direct photon production in this mass range.
Summary
More than 5 years after completion of the data taking, the BABAR collaboration is still very active. The great amount of data collected is stimulating new ideas. The T violation measurement is a first and constitues a beautiful proof of the CPT theorem. Searches for exotic particles have not given positive results, but have contributed to considerably narrow the parameters space. One of the hot topics in Particles Physics is now dark matter: recent evidence has suggested that dark matter might contain a MeV-GeV scale component. Thanks to their large luminosities, B factories provide an ideal environment to probe for such a possibility, complementing direct detection and satellite experiments. No sign of light dark matter has been observed so far, but several new analyses are going on and we still hope for surprises. A big step forward is expected with the atart of the Super flavor factory at KEK: BELLE-II is expected to increase the sensitivity of these searches by a factor 10 − 100. 
